Objectives-(I) to evaluate regional cerebral blood flow (rCBF) with single photon emission computed tomography and 99mTc-hexamethylpropyleneamine oxime in patients with the idiopathic adult hydrocephalus syndrome (IAHS); (2) to examine regional cerebral blood flow (rCBF), gait, and psychometric functions before and after CSF removal (CSF tap test); (3) to assess abnormalities in subcortical white matter by MRI. Methods-Thirty one patients fulfilling the criteria for IAHS (according to history and clinical and neuroradiological examination) were studied. Quantified gait measurements, psychometric testing, and rCBF before and after removal of CSF were obtained. Pressure of CSF and CSF outflow conductance were investigated with a constant pressure infusion method. Brain MRI was used to quantify the severity of white matter lesions and periventricular hyperintensities.
Abstract
Objectives-(I) to evaluate regional cerebral blood flow (rCBF) with single photon emission computed tomography and 99mTc-hexamethylpropyleneamine oxime in patients with the idiopathic adult hydrocephalus syndrome (IAHS); (2) to examine regional cerebral blood flow (rCBF), gait, and psychometric functions before and after CSF removal (CSF tap test); (3) to assess abnormalities in subcortical white matter by MRI. Methods-Thirty one patients fulfilling the criteria for IAHS (according to history and clinical and neuroradiological examination) were studied. Quantified gait measurements, psychometric testing, and rCBF before and after removal of CSF were obtained. Pressure of CSF and CSF outflow conductance were investigated with a constant pressure infusion method. Brain MRI was used to quantify the severity of white matter lesions and periventricular hyperintensities.
In IAHS a widespread rCBF hypoperfusion pattern was depicted, with a caudal frontal and temporal grey matter and subcortical white matter reduction of rCBF as the dominant feature. Removal of CSF was not accompanied by a concomitant increase in rCBF. Significant white matter lesions were detected only in a minority of patients by MRI. An altered CSF hydrodynamic state with a higher CSF pressure and lower conductance was confirmed.
IAHS is characterised by an abnormal CSF hydrodynamic state, associated with a widespread rCBF reduction with preference for subcortical white matter and frontal-temporal cortical regions. Furthermore in most patients MRI did not show white matter changes suggestive of a coexistent subcortical arteriolosclerotic encephalopathy. At least in the idiopathic group of patients with AHS, measurements of rCBF before and after temporary relief of the CSF hydrodynamic disturbance will not provide additional information that would be helpful in the preoperative evaluation but is suggestive of a preserved autoregulation of rCBF.
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The syndrome of "normal" pressure hydrocephalus was first described by Hakim and Adams' and Adams et al. 2 In our opinion the adult hydrocephalus syndrome (AHS) is a more appropriate description for the condition.3 4 The cardinal clinical features are disturbance of gait and balance often associated with a cognitive decline and an impaired control of sphincters due to chronic hydrocephalus. Permanent drainage of CSF has the potential to relieve symptoms.
There have been many suggestions of ancillary tests to select appropriate candidates for a shunt.5 6 The clinical effect of CSF taps is widely used.7 The CSF tap test involves removal of 40-50 ml CSF. Any improvements of gait and cognition are registered. A good correlation between outcome of the CSF tap test and response to shunt operation has previously been described,89 but has not been reproduced by others.'0 Changes in regional cerebral blood flow (rCBF) after CSF drainage have been reported but with conflicting results,"I-'4 probably explained by methodological dissimilarities and non-homogenous patient populations. 20 The aim of this study was to investigate rCBF using SPECT with 99mTc-HMPAO in the diagnosis of patients with IAHS. Furthermore, the effects of CSF drainage on cortical and subcortical rCBF and clinical variables were analysed. Drainage of CSF was performed in the setting of a CSF hydrodynamic investigation to define basic CSF hydrodynamic characteristics, such as CSF pressure and conductance to CSF outflow.
Subcortical white matter in particular was evaluated by means of MRI as abnormalities in white matter have been suggested to ms); 10 mm contiguous sections were used for evaluation; the slice thickness was 10 mm.
Abnormal areas of hyperintensities in the T2 weighted scan were defined as white matter lesions if they were ill defined, patchy, diffuse, localised in white matter only, and separate from the ventricles. Periventricular hyperintensities referred to areas of heightened intensity at the margins of the lateral ventricles.
To quantify severity of white matter lesions and periventricular hyperintensities a 0-3 scale was used: 0 = no visible hyperintensities; 1 = caps at the ventricular angles with thin or thick ventricular lining; 2 = white matter foci; 3 = irregular confluent white matter lesions. All evaluations were performed on the T2 weighted images and inversion recovery images were used mainly to confirm the decisions. A ventricular index similar to that used for CT was calculated.
CSF HYDRODYNAMIC INVESTIGATION
The CSF hydrodynamic investigation was performed according to the method described by Ekstedt25 and presented in recent clinical studies.2627
The CSF pressure (Pcl) and the conductance of the CSF outflow pathways (Gop) were determined. At the end of the investigation a CSF tap was performed by lowering the CSF pressure to a value of about 0 kPa, corresponding to the removal of 30-40 ml of CSF.
The A separate 2 x 2 x 2 (group by cortical region by hemisphere) ANOVA was performed for slices OM6 and OM6 depicting grey matter perfusion. In OM6 (fig 1A) , there were no significant effects.
In OM5 (fig 1B) regions of interest, the ANOVA disclosed a marginally significant effect of group (F (1,41) = 5-01; error mean square (MSe) = 0-017; P < 0 03. Because the group factor did not enter any significant higher order interaction, this result means that patients with AHS showed hypoperfusion with regard to all regions of interest. Besides the putative difference between the two groups, there were no other statistically significant effects.
A 2 x 3 x 2 (group by cortical region by hemisphere) ANOVA was conducted to analyse the results in OM3 grey matter regions of interest ( fig 1C) . There was a significant main effect of group (F (1,40) = 10-56; MSe = 0-02; P < 0-01). In addition, the effect of cortical region was statistically significant: F (2,80) = 45-92; MSe = 0-005: P < 0-01. No other effect was statistically significant. Post hoc testing showed that all regions of interest differed; occiptal regions of interest showing higher perfusion than temporal regions of interest. The last in turn showed higher perfusion than frontal regions of interest. In conclusion, parietal and upper frontal grey matter rCBF of patients with AHS were relatively preserved, whereas a pronounced hypoperfusion corresponding to inferior frontal and temporal cortex was evident. Patients with AHS as well as controls showed lower perfusion in anterior than in posterior regions of interest. Figure 2 presents the results for subcortical structures. In OM6, a 2 x 2 x 2 (group by white matter region by hemisphere) ANOVA (the term "white matter region" depicting frontal and parietal white matter respectively) was performed. The main effect of group was significant (F (1-40) = 22-28; MSe = 0-04; P < 0-01). Apparently, there was a pronounced decrease in rCBF corresponding to frontal and parietal white matter in the patients with AHS. In OM5 and OM3, significant main effects of group were obtained (F (1,41) = 633-02; MSe = 0-0002: P < 0-01 and F (1,40) = 20-8; MSe = 0-002; P < 0-01).
CSF TAP TEST RESULTS
The effects of CSF tap on gait, motor speed, attention, and memory were evaluated by t test (table 2 ). An improvement was obtained with respect to the time based measure derived from the gait test-that is, the time needed to walk the designated route (t (25) = 2A42; P < 0.05). Effects on memory, digit span, and the peg board test were not significant.
To assess whether removal of CSF would improve cerebral perfusion, a series of six separate ANOVAs were carried out, one for each of the three slices and for grey and white matter respectively. In these analyses, CSF tap, regions of interest, and hemisphere served as factors. Although these analyses yielded effects of regions of interest, CSF tap did not produce any significant effect. Kristensen cant difference(C2(1) = 8-3; P < 0-01).
Findings from MRI were compared with rCBF to clarify if there was a relation between abnormalities in white matter and rCBF. Association between white matter lesions and rCBF was analysed by means of four different ANOVAs. There were no significant main or interaction effects (all P values > 0-10).
Discussion
The clinical events during CSF tap tests have only been systematically evaluated in a few studies,83233 and with no comparative rCBF measurements. Removal of CSF induced gait improvement in the present study, but did not alter the performance on cognitive tasks. There was no correlation between improvement of gait and rCBF, or any detectable rise in rCBF after CSF removal. Hence, rCBF investigation before and after CSF drainage does not provide additional information or guidance in the preoperative evaluation of patients with IAHS with respect to decisions regarding shunt operation. In one previous study, the amount of CBF increase after CSF removal was related to clinical improvement after shunting, 1' but this finding has not been reproduced by others.14 Changes in rCBF after CSF drainage have been explained as being the result of impaired autoregulation" or due to a mechanical phenomenon originating through a decrease in intraparenchymal pressure after the drainage. 14 Studies of cerebral haemodynamics in patients with AHS have shown conflicting results'1-1334 but autoregulation has been reported to be maintained in IAHS.35 According to the present study, autoregulatory properties of the cerebral circulation with respect to variations in CSF pressure are preserved.
Studies of rCBF with SPECT in patients with AHS have all shown decreased rCBF. However, the areas of impaired flow differ from study to study, ranging from global hypoperfusion6 to predominantly reduction in the frontal area. ' Cerebral blood flow changes related to outcome of shunt operation is not considered in this study, but no good relation has been established between baseline CBF and outcome after CSF diversion. 39 The sensitivity for detection of white matter lesions with low field strength MRI and high field strength MRI is probably equivalent. 40 There was a tendency (non-significant) for white matter lesions on T2 weighted MRI to be more common in patients with IAHS than in controls. A few patients with IAHS had more extensive lesions. Bradley et al 21 reported similar findings in their MRI study of 20 patients with presumed AHS. In their study only three patients had severe and confluent deep white matter lesions although inclusion criteria were not detailed. In the presence of impaired CSF hydrodynamics characterised by a moderate increase in CSF pressure and a low conductance, even small changes in CSF pressure may have an adverse effect, giving rise to ischaemia of the periventricular white matter. Potential mechanisms of white matter change, ischaemia of the periventricular white matter, and depression of nerve cell function secondary to hydrocephalus may include periventricular diffusion of CSF and an increase in intraparenchymal pressure. The reduction of rCBF in grey matter may be a secondary phenomenon to decreased blood flow in the subcortical white matter reflecting a functional disconnection of cortical regions from deeper brain structures.
The predetermined specified clinical and neuroradiological criteria applied in this study are in accordance with the criteria proposed for "probable shunt responsive" patients with AHS.4' Combined rCBF, CSF hydrodynamic, and MRI data for the particular group of patients with IAHS have not been presented before.
To summarise, the following characteristics emerged: (1) an rCBF pattern clearly different from the normal aging brain; (2) an abnormal CSF hydrodynamic profile; (3) for most patients white matter lesions were not a prominent feature. In our experience a shunt- Anthony Trollope, 1864-5, Can you forgive her But oh, Alice, if you had seen the Duke's long face through those three days; if you had heard the tones of the people's voices as they whispered about me; if you had encountered the oppressive cheerfulness of those two London doctors,-doctors are such bad actors,-you would have thought it impossible for any woman to live throughout.
Anthony Trollope, 1867, The last chronicle of Barset Now Dr Fillgrave was the leading physician of Barchester, and nobody of note in the city-or for the matter of that in the eastern division of the countywas allowed to start upon the last great journey without some assistance from him as the hour of going drew nigh. I do not know that he had much reputation for prolonging life, but he was supposed to add a grace to the hour of departure.... "A day or two will see the end of it, Mr Archdeacon-I should say a day or two," said the doctor, as he met Dr Grantly in the hall. "I should say that a day or two will see the end of it. Indeed I will not undertake that twenty-four hours may not see the close of his earthly troubles. He has no suffering, no pain, no disturbing cause. Nature simply retired to rest." Dr Fillgrave, as he said this, made a slow falling motion with his hands, which alone on various occasions had been thought to be worth all the money paid for his attendance.
Anthony Trollope, 1870, The vicar of Bullhampton She would not absolutely say that a physician was not a gentleman, or even a surgeon; but she would never allow to physic the same absolute privileges which, in her eyes, belonged to law and the church.
